INTRODUCTION
THE expected response of a quantitative character to artificial selection is a function of heritability, selection intensity, phenotypic standard deviation of the particular metric character concerned, and its genetic correlation with other selected metric characters. Daday and Greenham (i96o) reported that variation in cold hardiness of the root tissues of Medicago saliva L. was due mainly to additive gene effects and preliminary investigation showed that the phenotypic correlation between percentage of uninjured leaves and winter growth was low (r = o i 5). The variation in the winter growth of M. saliva has been shown to be due primarily to additive gene effects (Daday, unpublished) . Levitt (1956) stated that, in general, the rate of growth in autumn is inversely related to frost hardiness, particularly in annuals in the U.S.A. Moreover, it is usually accepted that for ecotypes of other species, there is a positive correlation between winter growth and frost injury. However, as far as the author is aware, there is no critical published work on the genetic relationship between these two variables.
This relationship is of economic importance because winter growth of forage plants is seriously limited by extensive cold injury in continental climatic regions, e.g. those of the Tablelands of Australia.
This study deals with the genetic relationship between growth at low temperature and extent of cold injury in M. saliva. The procedure has been to study variances, heritabilities and correlation coefficients of these two metrical characters.
The term "cold injury" is used in this paper to indicate frost injury under Australian conditions, i.e. conditions such that the frosts are not severe or prolonged (see table of temperatures at end of Section 2).
MATERIAL AND METHODS
The varieties used were Hairy Peruvian, African, Hunter River, Du Puits and Rambler (Daday et al., 196 i). The first two varieties, though cold susceptible, are able to grow under low temperature conditions such as those experienced. Du Puits, a relatively cold-hardy variety, has a very low winter growth rate. Rambler is characterised by marked winter dormancy and cold hardiness. Hunter River is intermediate (Daday and Greenham, 1960 Winter growth was measured from April to the end of July 1962.
Cold-injured leaves and stems were separated from healthy plant material, and after drying, the percentage of injured material was used as a measure of cold injury. The total dry matter content of each plot gave information on yield for each family during the period of low temperature.
Calculation of heritability was based on family means. 
The correlation coefficients were estimated following Falconer (1960) . The phenotypic correlation (rp) measures the association between two directly observed characters. The genotypic correlation (TA) measures the association between breeding values for the two characters. (Since the variance of both characters was due almost solely to additive gene effects, TA will be used instead of the conventional rG.) The environment correlation (TE) measures the correlation due to environmental and non-additive genetic deviations. 
RESULTS
The relationship between growth at low temperature and the extent of cold injury was investigated under both spaced and sward conditions. The differences in both variances, 4 and 4, between F1 and F2 are significant, being 509 and 354 times their standard errors.
These differences indicate an increased genetical segregation in F2.
The phenotypic correlation shows a positive association between the two metric properties in F1, but this association is close to o in F2, suggesting the independent segregation of these variable. were examined both for parental varieties and F1 and F2 families. Particular attention was given to heritability, and phenotypic, genotypic and environmental correlations. that increasing dry matter production will be associated with a greater incidence of cold injury. In view of this high positive correlation between the two variables, the magnitude of the heritabilities and the genetic correlations were calculated in F1 and F2 populations, this information being used to determine whether pleiotropic gene action or independent ecotypic selection is responsible for the high positive correlation between the characters in the parental varieties.
The analyses of variances and covariances of dry matter (gm./plot) and cold injury percentage of F1 and F2 are presented in table 2.
The differences between families are highly significant in all analyses. The mean dry matter production in experiments F1 A, B and F2 A, B varies between 8r and 173 gm., 54 and i77 gm.; 6o and 163 gm., and 92 and 279 gm.; while the cold injury is between 28 and 66 per cent., 22 and 67 per cent., and 6 and 45 per cent., and 9 and 46 per cent. respectively. The measures of between family heritability of the two metric characters are shown in table 3. The heritabilities based on family means vary between o' 67 and o9o and the heritabilities based on single plot values range between 025 and o57. These figures indicate the presence of a considerable amount of genetic variance between families in the F1 and F2 generations. Therefore, response to family selection should show a marked advance in the two characters.
The phenotypic (re), genotypic (rA) and environmental (rE) correlation coefficients for individual plot performance in the F1 and F2 were calculated from analyses of variances and covariances and results presented in table 4.
The correlation coefficients rp, r& and r are uniformly low in F2, under sward and the r under single plant conditions. The phenotypic correlations differ in F1. Positive association was found between the variables in F1 under single plant conditions, but negative association in F1 under sward conditions. These results indicate that the positive correlation of these metrical characters in the parental varieties was not due to pleiotropy or close linkage, but probably arose from independent response to natural selection. The low correlation coefficients M2 also indicate the occurrence of a high frequency of recombination, suggesting that cold hardiness of leaves and stems can be combined with high growth rates at low temperatures (figs. i and 2), under similar climatic conditions to the one described in the present experiment.
DISCUSSION
The present investigation discloses high genetical potentialities for response to selection in both metric characters in M. sativa.
Knowledge of phenotypic, genotypic and environmental correlations is of great value to breeders, since the phenotypic correlation alone does not provide the complete information for prediction of response to selection. Dickerson (1955) found the phenotypic correlation between egg production and egg weight to be low (r = -0-04), but the genotypic correlation coefficient was -O39 and both metric characters were affected by common environmental factors r = (+0-25).
The genetic correlation coefficient is high and positive for cold injury and winter growth among the parental varieties, but the coefficients in the F2 generations are close to zero and indicate that the positive correlation among parental varieties is simply the result of independent ecotypic selection for the two characters, neither pleiotropy nor linkage being involved. In view of this low correlation coefficient and the high heritability, new combinations of cold hardiness and winter growth may be expected.
Furthermore, as a result of genetic segregation, new recombinations exist which not only combine cold hardiness and winter growth, but also show both characters with a greater phenotypic expression than either of the parental genotypes.
Thus in spite of the early belief to the contrary, cold hardiness and winter growth have been combined, and marked responses to selection may be anticipated under climatic conditions similar to those of Canberra. Most rapid improvement is to be expected from selection applied simultaneously to both variables. 3. The phenotypic variances of growth at low temperature and cold injury were significantly greater in F2 than in F1, under single plant conditions. 4. The heritabilities of both characters were high (o 25-OS 57) in F1 and F2.
5. The phenotypic, genotypic and environmental correlation coefficients were very close to zero in F2.
6. The positive correlation coefficients between cold injury and growth at low temperature is interpreted as an independent response to natural selection in the parental varieties.
7. Cold resistance has been combined with growth at low temperatures and a rapid response to selection may be expected on the basis of this investigation.
